Heart, Lung and Vessels. 2014, Vol. 6 solvent from blood to dialysate. This also tends to carry some solute with it. The net result is a relatively hypovolemic blood compartment with lower oncotic pressure. Lower oncotic pressure leads to further depletion of intravascular volume. Often, this effect can be counterbalanced by instilling sodium into the blood (10) (11) (12) . The difficulty with this approach is that serum sodium levels regulate thirst and cause patients to drink excessively and gain fluid in the interdialytic period (13) (14) (15) (16) . Therefore, many are not aggressively treated with sodium to maintain oncotic pressure, and there is significant net movement of volume from the intravascular space to the extravascular (intracellular) space (9, 17) . Simultaneous transfer of heat from dialysate to patient also tends to decrease blood pressure through vasodilation (18, 19) . Induction of anesthesia often includes agents with intrinsic myocardial depressant and systemic vasodilatory activity. Furthermore, major surgery imparts a generalized inflammatory state upon the patient, which further exacerbates extravascular (extracellular) movement of volume (20) . These considerations may make post-operative blood pressure regulation difficult, potentially contributing to continuing hypotension, even after the conclusion of the anesthetic.
METHOdS
This study was approved by the Institutional Review Board of Loma Linda University. Charts from patients with end-stage renal disease managed by chronic hemodialysis (21) who underwent surgery at a single tertiary-care academic teaching hospital (Loma Linda University Medical Center, Loma Linda, CA) between November 1, 2009 and December 31, 2010 were reviewed. Adults maintained on hemocomplications are more frequent when induction of general anesthesia is very close to completion of hemodialysis. Since anesthesiologists are beginning to take a more active role in the peri-operative management of patients, we focused our attention to the 48 hours immediately post-operative rather than intra-operative. A literature search revealed case reports describing post-operative complications in dialysis-dependent patients who underwent general anesthesia. Though case reports were few, organ hypoperfusion and major arrhythmia were among them (2) (3) (4) (5) . Others have attempted to study intra-operative fluid requirements of hemodialysis patients without addressing timing between hemodialysis and general anesthesia (6) . Though timing of dialysis prior to surgery was recorded in some patients, they were not stratified by times and analyzed. As anesthesiologists are increasingly asked to involve themselves as peri-operative physicians outside the operating room (7, 8) , we submit that preoperative medical management decisions such as timing of hemodialysis and general anesthesia may have consequences after conclusion of the anesthetic. To this end, we conducted a retrospective chart review to elucidate the relationship between the time interval from the end of hemodialysis to the induction of general anesthesia and postoperative complications. We hoped to identify risk factors for and frequency of postoperative complications in these patients. Historically, hemodialysis alone has been associated with up to a 50% incidence of hypotensive events (9) so it is not surprising that hemodialysis and induction of general anesthesia in rapid succession could be associated with an increase in hypotension as well. Removal of fluid requires ultrafiltration. During ultrafiltration, hydrostatic pressure across the dialysis membrane is increased to push Heart, Lung and Vessels. 2014, Vol. 6 dialysis for at least 3 months prior to general anesthesia and who received it for surgery were identified. Patients managed with peritoneal dialysis were excluded. We also excluded those undergoing procedures with fluid shifts in excess of those predicted from preoperative hemodialysis (cardiopulmonary bypass, veno-veno bypass, liver transplantation, and intra-operative hemodialysis). Patients found with incomplete documentation of the timing of hemodialysis were excluded from analysis. Basic demographic data were gathered. Based on recorded data both Acute Physiology and Chronic Health Evaluation II (APACHE II) (22) and Portsmouth Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity (P-POSSUM) (23-25) scores were calculated. The time interval between the end of hemodialysis and the induction of general anesthesia was calculated from inpatient and outpatient documentation as available. In cases where outpatient hemodialysis was performed at an independent center and records were not available, this information was determined from the patient's admitting documentation. Post-operative complications documented after the end of anesthesia were entered into our database. We sought documentation of complications defined as: -Dysrhythmia -abnormal rhythm resulting in: unscheduled intravenous medication, cardioversion, cardiology consultation, prolonged length of stay, or any one of the other listed complications. -Hypotension -systolic blood pressure below 85 mmHg causing unscheduled fluid bolus of 1000 mL of crystalloid, 250 mL of 5% albumin, 50 mL of 25% albumin, and/or vasoactive medications. Each complication was noted either present or absent per patient, thus a single patient could have multiple types of complications but the frequency of any single type was not noted more than once during the 48-hour postoperative period. Surgical procedures were classified using the Johns Hopkins Surgical Classification System (JHSCS), based on pre-operative documentation and the proposed procedure (26) . Emergent surgeries were cases documented to need intervention within 2 hours; while urgent surgeries were defined as non-elective cases that could wait at least 2 hours. Statistical Methods: Preliminary analysis supported grouping of patients based on the documented interval between hemodialysis and general anesthesia into three groups: Group 1 interval >24 hours; Group 2 interval from 7-23.9 hours; or Group 3 interval <7 hours. Complications were expressed as a percentage of each respective group. The primary outcome measure was the dif-Heart, Lung and Vessels. 2014, Vol. 6 Table 1) . Severity of surgery, urgency of surgery and fluid/blood product administration were also similar between groups ( Table 2) . As shown in Table 3 , the only difference in complications was postoperative hypotension, which was more common in Group 3 than either Group 1 or 2. Surgery with minimal physiologic perturbations (Category 2) was not associated with increased risk for any postoperative complication, regardless of the interval between completion of hemodialysis and induction of general anesthesia. When analyzing only surgical procedures other than minimal (Category 3-5), hypotension was more common in Group 3 than Group 1 (63.6% vs 9.2%, p<0.0001, relative risk=6.9, confidence interval=3.0-15.7) or Group 2 (63.6% vs 17.3%, p=0.0002, relative risk=3.7, confidence interval=1.9-7.2). Postoperative hypotension was also more frequent in Group 3 for both elective (p=0.03) and urgent (p<0.0001) surgeries. Of note, postoperative hypotension was not more common when analyzed by case urgency alone, although the small number of emergent cases (n=12) limits this analysis.
dISCuSSION
Major limitations include the retrospective nature of our study and thus our inability to review the hemodialysis prescriptions of patients dialyzed at independent outpatient hemodialysis centers. Detailed records from outside facilities were sometimes unavailable and the interval from hemodialysis to general anesthesia could only be estimated based on admitting documentation. All of these cases, however, involved patients in whom the interval was clearly longer than 7 and less than 24 hours, thus the inability to calculate a precise interval is unlikely to have affected group assignment. Another limitation related to outpatient hemodialysis is variability between hemodialysis prescriptions. Many factors contribute to the rate and degree of fluid shifts during and following hemodialysis including ultrafiltration rate/ amount, dialysate sodium, calcium content, patient's pre-hemodialysis solute load, etc. Because we limited our study to cases Death n, (%)
with chronic hemodialysis, however, is likely that most sessions had similar ultrafiltration goals. It is worth noting that intradialytic hypotension may be ameliorated by lengthening treatment duration, thus reducing ultrafiltration rate to allow vascular refilling to better match fluid removal (20) . It may be worthwhile to investigate the use of sustained low-efficiency dialysis methods or continuous renal replacement therapy in high-risk patients. A prospective study with blinding and controls on hemodialysis interval/prescription may provide a better delineation of hemodialysis timing and prescription for outpatients. Patients in whom the interval between the end of hemodialysis and the induction of general anesthesia for major surgery was less than 7 hours were found to have higher risk of developing post-operative hypotension that requires treatment, independent of surgical urgency. These findings imply that, for major surgery in chronic hemodialysis patients (Category 3 to 5), an interval greater than 7 hours is advisable to avoid post-operative hypotension. Though less emergent cases may be delayed due to risk of hypotension, many emergent procedures cannot be delayed. The post-operative team thus should expect and be prepared to treat hypotension in these patients. On the other hand, patients undergoing low-severity surgery (Category 2) were not found to have greater risk for post-operative hypotension regardless of the interval between hemodialysis and general anesthesia. There a decision to proceed with minor surgery soon after the end of hemodialysis can be made on a patient-by-patient basis. In making these recommendations, anesthesiologists can make a significant impact on patient outcomes well beyond the immediate anesthetic period. It's worth noting that our study included very few ASA 5 patients. Since ASA status is more useful for estimating operative mortality than teasing out individual risk factors, we felt that it was a measure with inter-observer variability. The most important limitation of our study was the low number of emergency surgeries included. Whether or not this introduced bias in attributing hypotension to dialysis interval rather than urgency of surgery can be better elucidated by a prospective study using multivariate analysis with sufficient power for emergent cases. Furthermore, such a study could be useful in identifying subgroups in which our association may hold more true than in others.
CONCLuSION
It may be advisable to delay elective and urgent induction of general anesthesia for major surgery by about 7 hours after hemodialysis, in order to minimize hypotension. Prospective research with sufficient power should be done to better elucidate subgroups that may be more or less vulnerable to post-operative complications. Such a study would also serve to better define a more exact length of time to wait between hemodialysis and general anesthesia. Preoperative planning and decisions can make a significant impact on a patient's care, even well into the post-operative period. Studies analyzing the effect of different dialysis modalities and different ways of coordination of dialysis with surgery may be valuable in finding ways to optimize patient outcome and efficiency.
